Arabidopsis thaliana is currently a model system for plant molecular biology of male sterility and pollen development in dicotyledonous plants (Vieira et al., 1990) . This plant has been developed as a convenient screening plant to detect plant growth regulators that induce changes in the development of flowers, because the rapid growth, small size and uniformity of this plant enables any changes in the lifecycle from germination through flowering and senescence to be observed (Clark and Meyerowitz, 1994; Dawson et al., 1994; Dawson et al., 1993; Dennis and Surridge, 2000; Brown, 1972) . In the course of our screening search for the regulators of plant reproductive development among fungal metabolites, using bioassay method with A. thaliana, suitable for use as tools to analyze plant reproductive functions, we found the presence of inhibitors of pollen development in cultures of the fungus Aspergillus terreus. Bioassay-guided fractionation led to isolation of aspterric acid (1) (Tsuda et al., 1978; Harayama et al., 1983; Harayama et al., 1987) and 6-hydroxymellein (2) (Ayer et al., 1987; Krohn et al., 1997) as active compounds. In this report, we describe the biological activities of 1 and 2 as inhibitors of pollen development in Arabidopsis. 
Materials and Methods

Instruments
Melting points were determined using a Yanagimoto micromelting point apparatus. IR spectra were recorded on a JASCO FT IR-7000 spectrometer and UV spectra on a SHIMAZU UV-2200 spectrophotometer.
1 H and 13 C NMR spectra were recorded with a JEOL JNM-ESP 500 NMR spectrometers at 500 and 125 MHz, respectively. Chemical shifts are expressed in δ values with solvents as internal standards. MS spectra were recorded with a JEOL JMS-SX 102 apparatus.
Isolation and purification of aspterric acid (1) and 6-hydroxymellein (2)
Aspergillus terreus was cultured stationarily in a malt extract medium at 24 ∞C for 28 days. The culture broth (40 l) was filtered, and the filtrate was adjusted to pH 2.0 with 2 n HCl, before being extracted twice with EtOAc. The combined solvents were concentrated in vacuo, and the resulting residue (28.8 g) was first fractionated by column chromatography on silica gel (hexaneÐacetone). Fraction 6 (172 mg), obtained by elution with 30% acetone, was further purified by preparative TLC (CHCl 3 ÐMeOH, 98:2, v/v) and the solid was recrystallized from EtOAc to afford 17 mg of 2 as colorless plate. Fractions 7Ð10 (5808 mg), obtained by elution with 30% acetone, was chromatographed on a silica gel column (CHCl 3 Ð MeOH). The active fraction eluted with 1% MeOH was further purified by preparative TLC (CHCl 3 ÐMeOHÐAcOH 95:5:2, v/v/v) and the solid was recrystallized from benzene to afford 10 mg of 1 as colorless powder.
Aspterric acid ( 
Bioassay for the growth of Arabidopsis thaliana
Bioassay with Arabidopsis thaliana was carried out according to the reported procedure of Brown (1972) . Seeds of A. thaliana had been surface-sterilized with 70% ethanol for 30 sec and rinsed five time with sterile distilled water. A single seed placed in each test tube containing 10 ml of solid medium and a defined amount of the test compound. Triplicate experiments were conducted. The test tubes plugged with cotton wool were incubated at 25 ∞C under continuous light (8,000 lx). Date of bolting and first flowering, and the stem length treated with compound 1 and 2 were recorded and the mean values of those were compared with an untreated control. In addition, anthers from freshly opened flowers was stained with acetocarmine and observed under a light microscope.
Histological observation of anthers
Fixing and embedding in paraffin of anthers were carried out according to the reported procedure (Grima-Pettenati et al., 1989; Regan and Moffatt, 1990) . Young buds from the primary inflorescences of an untreated and a treated plant were collected. The buds were fixed in 70% ethanolÐformaldehydeÐacetic acid (90:5:5, v/v/v) then dehydrated. After dehydration, the buds were gradually infiltrated with paraffin and left at room temperature until paraffin solidified. Sections (10 µm) were made on a microtome and deparaffinized before staining. After deparaffinized, the sections were stained with toluidine blue and observed under a light microscope. 
Results and Discussion
The EtOAc-soluble acidic fraction (28.8 g) was purified with a silica gel column chromatography and preparative TLC, and final purification by recrystallization afforded two active compounds 1 (10 mg) and 2 (17 mg). 1 and 2 were identified as aspterric acid and 6-hydroxymellein (Fig. 1) by comparing the physicochemical properties with those reported (Tsuda et al., 1978; Krohn et al., 1997) .
The condition of pollen in anthers from mature flowers of A. thaliana treated with 38 µm of 1, 52 µm of 2 and an untreated control was compared by a light microscope. While the pollen grains within the untreated anthers were densely stained, the anther treated with 1 as well as 2 contained collapsed structures and no pollen. In order to identify the stage during which pollen development became aberrant in the treated plants, individual buds of the primary inflorescence of the treated and the untreated plants were examined at each stage of development. A series of micrographs of buds at different stages of development were obtained from the untreated plants, the plants treated with 1 or 2 (Figs 2, 3 ). In the untreated anthers, pollen mother cells (PMCs), meiotic stages, tetrads, microspores, and mature pollen were observed in accordance with pollen development (Fig. 2) . This pollen development in the untreated anthers appeared normal by comparing their micrographs with those reported (Dawson et al., 1994; Dawson et al., 1993) . On the other hand, 1 induced aberrations in PMCs at meiosis (Fig. 3a, b) . The PMCs were abnormally granular and became vacuolation at meiosis. Then, PMC-derived material degenerated leaving an empty anther before anthesis (Fig. 3c) . By the treatment with 2, PMCs appeared normal during meiosis (Fig. 3d) . However, the microspores adhere, collapse, and the cytoplasm was absent (Fig. 3e) . Before anthesis, the microspores completely degenerated in the anther locule (Fig. 3f) . These results of microscopic examination suggested that inhibition of pollen development by the treatment with 1 caused at meiosis and the inhibition by the treatment with 2 caused at the microspore stage. Table I shows the growth response of A. thaliana to 1 and 2. 1 and 2 exhibited no effect on the growth at concentrations of 11 and 15 µm, respectively. 1 delayed the bolting and flowering times at concentrations of 11 and 38 µm. In particular, treatment with 38 µm of 1 delayed those for 12 days. Furthermore, 1 completely inhibited the growth of the seedlings at a concentration of 113 µm. On the other hand, the bolting and flowering times of plants treated with 15 or 52 µm of 2 were similar to those of untreated control. However, treatment with 155 µm of 2 delayed the bolting and flowering times for 10 days. 1 reduced stem length at flowering at a concentration of 38 µm. Similarly, 2 reduced that at concentrations of 52 and 155 µm. Aspterric acid (1) is a carotane-type sesquiterpene, but its biological activity has not been reported previously (Tsuda et al.) . 6-Hydroxymellein (2), which is a dihydroisocoumarin compound such as mellein and kigelin (Krohn et al., 1997; Govindachari et al., 1971) , shows weak inhibitory activity against fungi, but its plant growth activity has not been reported previously (Krohn et al., 1997) . This is first report about these two compounds as plant growth regulators to inhibit pollen development. Our findings suggest that aspterric acid and 6-hydroxymellein could be useful agents for the molecular investigation of anther and pollen development in higher plants.
